Abstract. In order to discover and identify the key protein biomarkers in the aging process, we performed a differential proteomic analysis of hippocampus and cortex in 5-and 15-month old senescence-accelerated mouse prone 8 (SAMP8) as well as in control strain SAM/resistant 1 (SAMR1). Using 2-DE combined with MALDI TOF/TOF mass spectrometry, about 1700 protein spots were isolated, and three groups of differentially expressed proteins were identified. The first group contained the strain-specific and non-age-related differential proteins that were differentially expressed in SAMP8 compared with SAMR1 mice. The changes might be implicated in the genetic difference between SAMP8 and SAMR1 mice; specifically, the proteins ubiquitin carboxyl-terminal esterase L3, mitofilin, adenylate kinase 4, and an unnamed protein product (gi|12847201). The proteins in the second group were age-specific, which were differentially expressed between 5-and 15-month old SAM mice. Those proteins are particularly interesting since the changes were aging-related and some of them were previously reported to be expressed in Alzheimer's disease patients. These proteins included N-myc downstream regulated gene 2, enolase 2, Cu/Zn superoxide dismutase, myosin, and two unnamed protein products (gi|74214304 and gi|74178239). The protein in the third group was SAMP8 specific-age-related protein, which was identified as heme binding protein 1. The present study provides new information about SAMP8 specific and aging-related protein changes in brain. Further investigations will be performed to reveal the significance of these proteins in brain aging process and the potential roles as biomarkers for effective diagnosis and therapy.
INTRODUCTION
Brain aging is associated with a decline in cognitive performance, and is the primary risk factor for Alzheimer's disease (AD) and other prevalent neurodegenerative disorders [1] . A number of neuropatho-logical changes are observed in the aged brain, such as a reduction of brain volume, a loss of neural circuits and synaptic plasticity, as well as the formation of neurofibrillary tangles (NFT), senile plaques, and lipofuscin [2] [3] [4] . Many studies have been done for the mechanism of brain aging and several theories have been proposed, including genetic and environmental factors, DNA damage, oxidative stress, mitochondrial dysfunction, and calcium homeostasis imbalance. However, the primary cause of brain aging has not been well identified at molecular level. Correspondingly, there is no "biomarker" for accurate and effective diagnosis at its insidious onset [3, 5, 6] . Clues may come from the animal models.
The senescence-accelerated mouse (SAM) is an accelerated aging mouse model that was established through phenotypic selection from a common genetic pool of AKR/J strain of mice [7] . It contains nine senescence-accelerated mouse prone (SAMP) substrains and three senescence-accelerated mouse resistant (SAMR) substrains, each of which exhibits characteristic disorders. Among its prone substrains, SAM/prone 8 (SAMP8) exhibits a more accelerated senescence process and has a shortened liftspan, ranging from 10 months to 17 months, as compared with SAM/resistant 1 (SAMR1) mice, which show normal aging process and are usually used as controls [8] . Behavioral studies showed that learning and memory deficits started as early as 6 months and worsened with aging in SAMP8 mice [9, 10] . Mitochondrial dysfunction, increased oxidative stress, and tau hyperphosphorylation were also observed at an early age in the brain of SAMP8 mice [11, 12] . In addition, SAMP8 mice showed an age-related increase in mRNA and protein levels of amyloid-␤ protein precursor (A␤PP). The amyloid-␤ (A␤) was significantly increased at 9 months and the amyloid plaques formation in about 16 months were also observed in SAMP8 [13, 14] . Therefore, SAMP8 is a useful animal model to investigate aging [15] . Because mitochondrial function, tau phosphorylation, and A␤ accumulation are difficult to be measured in patients and animals, new biomarkers are needed for diagnosis and treatment of age-related diseases such as AD.
Two-dimensional gel electrophoresis (2-DE) based proteomic analysis is a direct and systematic tool to discover proteins which undergo changes in expression level and may underlie the differences of phenotypes. Moreover, it can resolve distinct isoforms of protein and identify post-translational modifications which might be functionally important [16] . Several proteomic studies of SAMP8 brain tissue have been reported, including comparative analysis between 4-and 12-month old SAMP8 mice [17] , as well as 6-month old SAMP8 versus age-matched SAMR1 mice [18] . Despite those studies, it was still difficult to reveal strain-or aging-dependent protein changes. It is known that SAMP8 mice are presymptomatic at 5 months and are symptomatic at about 15 months with obvious and typical neurodegenerative characteristics of aging [10, 15] . Therefore, we performed the proteomic analysis of hippocampus and cortex, the most relevant brain regions for learning and memory, in SAMP8 and SAMR1 mice at presymptomatic (5-month old) and symptomatic (15-month old) stages. The protein expression differences were compared not only between SAMP8 and SAMR1 strain at the same age, but also between 5-and 15-month old mice in both strains to investigate the brain protein alterations during aging.
MATERIALS AND METHODS

Animals and sample preparation
5-and 15-month old male SAMP8 and SAMR1 mice were supplied from the First Affiliated Hospital of Tianjing College of Traditional Chinese Medicine, China. We used five mice per age group of both strains. After mice were sacrificed, the total hippocampus and total cortex tissues were removed immediately and stored in liquid nitrogen until use. All experiments were performed according to the guidelines of the Chinese Academy of Medical Science for Institutional Animal Care, based on the National Institute of Health Guide for the care and use of laboratory animals. Each hippocampus or cortex sample was separately homogenized in a lysis buffer [7 M urea, 2 M thiourea, 4% CHAPS, 1% dithiothreitol (DTT), 0.5% IPG buffer (pH 3-10 NL, GE Healthcare), and 1% Protease Inhibitor Mix (Roche)]. Then the samples were centrifuged at 1,000 × g at 4 • C for 10 min to remove debris, the supernatant was further centrifuged at 12,000 × g at 4 • C for 10 min. Then the supernatant was collected and stored at -80 • C until use. Protein content was determined by a 2-D Quant Kit (GE Healthcare). And separate proteomic assays were performed for hippocampus and cortex.
2-DE analysis
Individual 2-DE gel of single sample from one mouse was run. The first dimension was performed on Ettan IPGphor II IEF system (GE Healthcare). 350 l rehydration buffer [8 M urea, 2% CHAPS, 0.5% IPG buffer (pH 3-10 NL), 1% Destreak reagent (GE Healthcare), and 0.002% bromphenol blue] containing 120 g protein (for the comparative analysis of protein spots) or 1 mg protein (for mass spectrometry of protein identification) were loaded onto nonlinear IPG strips (18 cm, pH 3-10 NL, GE Healthcare). The isoelectric focusing was performed at 50 V for 12 h linearly; 200 V for 1 h linearly; 500 V for 1 h linearly, 1000 V for 1 h linearly; 8000 V for 1 h rapidly; and finally achieved 70,000 Vh at the voltage of 8000 V. The strips were then equilibrated for 15 min in equilibration buffer containing 6 M urea, 0.05 M Tris-Cl (pH 8.8), 2% sodium dodecyl sulfate (SDS), 30% glycerol, and 1% DTT, and re-equilibrated for 15 min in the same buffer containing 2.5% iodoacetamide in place of DTT. The equilibrated gel strip was placed on the top of a 12.5% SDS-polyacrylamide gel electrophoresis (PAGE) gel, and embed with 0.5% low-melt agarose (Sigma). Then the second dimension separation was performed in an Ettan DALTsix Electrophoresis System (GE Healthcare) at 16 • C as follows: 2.5 W/gel constant powers for 45 min, and then 17 W/gel constant powers until the bromophenol blue front reached the bottom of the gels.
Gel staining and image analysis
After performing 2-DE, the analytic gels were silver stained using PlusOne Silver Staining Kit (GE Healthcare). And the preparative gels were stained by "blue-silver" method as described previously [19] . The silver stained gels were scanned and saved in TIFF format using Umax Power look 2100XL scanner (Umax, Taiwan, China). Image analysis was carried out by using ImageMaster 2D Platinum software (GE Healthcare). Concretely, the protein spot in the gel was detected, and its abundance was quantified as a normalized volume based on its optical density and area. The normalized volume of each spot from five individual gels from the two cohorts was compared between different groups using Student's t-test. Variation ratio of protein spot volumes between two different groups was calculated by using ImageMaster 2D Platinum software. "Ratio = 1000000, 10 6 " represented the characteristic that the spot did not exist in one cohort, that was the difference of "all" or "none". "+" and "-" was placed before the value of variation ratio represented "up-regulation" and "down-regulation", respectively. Only spots with p values <0.05 and ≥2-fold variation ratio were considered as changed and subjected to trypsin digestion.
In-gel tryptic digestion of proteins
Above differentially expressed protein spots were excised from the "blue-silver" stained gels, and sliced into small cubes. The gel slices were destained in microtubes with 40% acetonitrile (ACN)/100 mM NH 4 HCO 3 and dried completely by centrifugal lyophilization. For digestion, the dried gel slices were swollen in 20 l of 25 mM NH 4 HCO 3 (pH 8.0) containing 100 ng trypsin (Sigma). After 30 min incubation on ice, 20 l of 25mM NH 4 HCO 3 was supplemented to keep the gel pieces wet and the enzymatic digestion continued for 16 h at 37 • C. The typical peptides were extracted by two steps. First, the gel pieces were incubated with 100 l of 5% trifluoroacetic acid (TFA) for 30 min in 40 • C water bath, followed by sonication for 3 min, and then incubated for another 30 min. The second extraction step was the same with the first step besides replacing 5% TFA with 50% ACN/2.5% TFA, and the temperature of water bath was set at 30 • C. The two extraction solutions were pooled, lyophilized and re-dissolved in 0.1% TFA.
Matrix-assisted laser desorption ionization time-of-flight/time-of-flight mass spectrometry (MALDI TOF/TOF MS)
The matrix material ␣-cyano-4-hydroxy-cinnamic acid (␣-CCA, sigma) was dissolved in 50% ACN/0.1% TFA at a concentration of 5 mg/ml. Then the ␣-CCA solution and the extracted peptides were mixed in a 1 : 1 ratio. 1 l of the mixture was deposited onto the MALDI target plate and allowed to dry at ambient temperature. Measurements were performed on a 4800 MALDI TOF/TOF (Applied Biosystems, USA), operated in reflector mode. Monoisotopic peptide mass was assigned and used for database searching. Peptide mass fingerprinting (PMF) was carried out on all known protein entries from the species of Mus musculus in the NCBI nr protein database using the MASCOT search engine (Matrix Science, UK) for protein identification. Up to one missed cleavage per peptide was allowed, a mass tolerance of 50 ppm was used and some variable modifications were taken into account, such as carbamidomethylation for cysteine and oxidation for methionine. In some cases, MS/MS on selected precursor ions was performed to add additional confidence to the PMF search results. And the MS/MS search parameters were also assumed to be monoisotopic, carbamidomethylation at cysteine residues and oxidation at methionine residues. A 0.3 Da MS/MS mass tolerance was used for searching. A probabilitybased MOWSE scores were estimated by comparison of search results against estimated random match population and were reported as −10 × log10 (P), where P is the probability that the identification of the protein is a random event. Protein identification was repeated twice using spots from different gels and considered significant if the MASCOT score was higher than the probability p value <0.05 for a random match.
RESULTS
Protein spots changed in the hippocampus and cortex of SAMP8 versus SAMR1 mice
Reproducible high-resolution 2-DE maps were constructed for hippocampal and cortical proteins of SAMP8 and SAMR1 mice, respectively. Each group contained five individual 2-DE gels. For each gel, more than 1,700 spots were visualized by silver-stained and detected using ImageMaster 2D Platinum software. The representative 2-DE separation profile was shown in Fig. 1 .
In order to reveal the proteins changed specifically in SAMP8 mice, the differential expression of protein spots in the hippocampus and cortex was compared between SAMP8 and age-matched SAMR1 mice. In the hippocampus of 5-month old SAMP8, 12 protein spots were found differentially expressed in comparison with SAMR1 mice. Among them, 1 protein (spot 1481) was upregulated (its variation ratio was more than +2), 2 proteins (spots 173a and 293) disappeared (their variation ratios were -10 6 ), 4 proteins (spots 173b, 173c, 1144a, and 1404) were down-regulated (their variation ratios were less than -2), and 5 proteins (spots 173d, 316, 915, 1144b, and 1475) presented only in SAMP8 mice (their variation ratios were +10 6 ). In the cortex of SAMP8 mice, these 12 spots were also differentially expressed in the same manner as in the hippocampus. The detailed variation ratios of these differential protein spots were summarized in Table 1 .
At 15 months of age, 13 differential spots were found in SAMP8 compared with SAMR1 mice, which contained above mentioned 12 differential spots. The 12 spots were not assigned as significant differences with age (between 5 and 15 months old), indicating that they changed in a strain-specific manner and could be implicated in the genetic difference between SAMP8 and SAMR1 mice. One additional spot (spot 2379) was found to be down-regulated only in the hippocampus of 15-month old SAMP8, which showed no statistical differences in the cortex. And its expression level was significantly decreased with age in SAMP8 mice, but not in SAMR1 mice. The data suggested that spot 2379 changed in both strain-and age-specific manner. The expanded hippocampal images of these differential spots were shown in Fig. 2 . (Cortical images were not shown.) Above data suggested that the differential expressions were mostly SAMP8 specific.
Protein spots changed with age in both strains of SAM mice
In order to reveal the proteins changed in age-dependent manner, differential analysis of hippocampus and cortex protein profiles was performed between 5-and 15-month old SAM mice. Eight differential protein spots were found in both tissues of 15-month old SAM mice compared to 5-month old mice. The 2-DE gel cortical images of these differential spots were shown in Fig. 3 . (Hippocampus images were not shown.) Our results showed that spots 1333 and 2440 were increased in both tissues of SAMP8 Fig. 1 . Representative silver-stained 2-DE gels of hippocampus proteins from 15-month old SAMP8 and SAMR1 mice. About 120 g protein was applied on an IPG strip (18 cm, pH 3-10 NL), followed by a 12.5% SDS-PAGE gel. For each gel, more than 1,700 spots were visualized by silver-stained and detected using ImageMaster 2D Platinum software. The hippocampal and cortical proteome of SAMP8 were compared with age-matched SAMR1 mice by ImageMaster 2D Platinum software. Concretely, the protein spot in the gel was detected, and its abundance was quantified as a normalized volume based on its optical density and area. The normalized volume of each spot from five individual gels from the two cohorts was compared between different groups using Student's t-test. Variation ratio of protein spot volumes between two different groups was calculated by ImageMaster 2D Platinum software. Spots with p values <0.05 and ≥2-fold variation ratio between groups were considered as the differential spots. p values of the differential spots in this table were all less than 0.05, and their variation ratio were more than 2 as they were shown. "Ratio = +10 6 " meant the spot presented only in SAMP8 mice, and "Ratio = -10 6 " meant the spot disappeared in SAMP8 as compared with SAMR1 mice. "+" and "-" before the value of variation ratio represented "up-regulation" and "down-regulation" of the differential protein in SAMP8 compared with the age-matched SAMR1 mice, respectively. The data were defined by ImageMaster 2D Platinum software. Comparative proteomics were carried out between 5-and 15-month old mice within the same strain by using ImageMaster 2D Platinum software. Spots with p values <0.05 and ≥2-fold variation ratio between groups were considered as differential spots. p values of the differential spots in this table were all less than 0.05, and their variation ratio were more than 2 as they were shown. "+" and "-" before the value of variation ratio represented the "up-regulation" and "down-regulation" of the differential protein in 15-month old mice compared with 5-month old mice. The data were defined by ImageMaster 2D Platinum software.
and SAMR1 mice (their variation ratios were more than +2). Spot 2524 was decreased in the hippocampus and cortex in both strain of mice (the variation ratios were less than -2). Spots 1427, 1507, and 1862 were specifically decreased in the cortex of both mice (their variation ratios were less than -2). By contrast, spot 2309 was significantly increased in the cortex of both mice (the variation ratios were more than +2).
Spot 2379 was specifically decreased in the hippocampus of 15 month old SAMP8 mice (the variation ratio was less than -2). None of the variation ratios of the age-dependent differential protein spots were "+10 6 " or "-10 6 ". The detailed values were summarized in Table 2 . It was interesting that these protein alterations were tissue instead of stain specific, except spot 2379.
None of these protein spots (except spot 2379) was shown as significant differences between SAMP8 and SAMR1 mice at the both ages. Therefore, these differentially expressed proteins were considered to be related to age rather to strain, and might be associated with brain aging process.
Identification of differential proteins
To identify the differential proteins, the abovementioned spots were excised for in-gel trypsin proteolysis and subsequently identified by PMF analysis combined with MS/MS results. The identification was repeated twice using spots from different gels. Among 13 specifically changed spots in SAMP8 mice, 4 spots (spots 293, 316, 915, and 1475) were very faint and could not be identified unambiguously by MS. The remaining 9 spots obtained clear MS data and were identified by Mascot searches in the NCBI nr database: they were mitochondrial inner membrane protein (also termed mitofilin, spots 173a, 173b, 173c, and 173d), ubiquitin carboxyl-terminal esterase L3 (Uchl3, spot 1404), adenylate kinase 4 (AK4, spot 1481), heme binding protein 1 (spot 2379), and an unnamed protein product with GI accession number of gi|12847201 (spots 1144a and 1144b). For the other group of proteins (8 spots) which were differentially expressed with age in both mouse strains, except spot 2440, 7 spots were successfully identified as N-myc downstream regulated gene 2 (NDRG2, spot 1333), enolase 2 (spot 1507), myosin, light polypeptide 3 (spot 2309), Cu/Zn superoxide dismutase (Cu/Zn SOD, spot 2524), heme binding protein 1 (spot 2379), and two unnamed protein products with GI accession number of gi|74214304 (spot 1427) and gi|74178239 (spot 1862). All protein identifications are consistent with the expected MW and isoelectric point (pI) range based on their positions on the gel. The trypsin peptide MS spectrums of these identified proteins were shown in Figs 4, 5, and their detailed information was listed in Tables 3 and 4. 2-DE map allowed the high resolution of slight charge differences. Mitofilin was observed as 4 distinct protein spots (spots 173a, 173b, 173c, and 173d) with almost the same MW but slightly different pI, presumably representing protein modification. In the hippocampus and cortex of SAMR1 mice, mitofilin existed as 3 more acidic forms (spots 173a, 173b, and 173c). However, the most acidic form (spot 173a) disappeared, and a more alkaline form (spot 173d) freshly appeared in SAMP8 mice compared with SAMR1 mice. Based on the present mass spectral data, the causes for this alkaline isoelectric shift of mitofilin in SAMP8 mice could not yet be ascertained.
In addition to the isoelectric changes, another interesting phenomenon was also found. That is, protein spots 1144a and 1144b were both identified as an unnamed protein product with GI accession number of gi|12847201. By comparison of their mass spectral profiles, we found that spot 1144a represented the fulllength form of this unnamed protein product. However, the tryptic fragment of spot 1144a contained 46 amino acids at the amino-terminal, which was missing from the mass spectra of spot 1144b (Fig. 5) . The full-length form (spot 1144a) of this unnamed protein product was significantly decreased in the hippocampus and cortex of SAMP8 compared with the age-matched SAMR1 mice. Meanwhile, the amino-terminal truncated form (spot 1144b) only presented in SAMP8 mice, indicating the protein modified from full length form to short form in SAMP8 mice.
DISCUSSION
In the present study, we performed a differential proteomic analysis of hippocampus and cortex in SAMP8 and its reference strain SAMR1 mice at the ages of 5 and 15 month. Three groups of differentially expressed proteins were found and identified ( Table 5) .
The first group contained strain-specific differential proteins, which included 12 protein spots expressed differentially in the hippocampus and cortex of both 5-and 15-month old SAMP8 in comparison with age-matched SAMR1 mice. For these 12 differential proteins, there were no significant differences with age (between 5 and 15 months old), indicating that they might be involved in the genetic difference between SAMP8 and SAMR1 mice instead of agingrelated changes. Except 4 faint spots (spots 293, 316, 915, and 1474), the remaining 8 spots were identified as Uchl3, 4 isoforms of mitofilin, AK4, and an unnamed protein product (gi|12847201) with two isomers.
The second group of differentially expressed proteins changed in an age-specific manner. There were 7 protein spots in this group, differentially expressed with age (between 5 and 15 month) in both strains, and none of them was shown significant differences between SAMP8 and SAMR1 mice. Therefore, they were considered to be related to age rather than strain, and might be associated with brain aging process. Except one faint spot (spot 2440), the other 6 spots were identified as NDRG2, enolase 2, Cu/Zn SOD, myosin and two unnamed protein products (gi|74214304 and gi|74178239).
The third group of differentially expressed proteins was both strain-and age-relevant, which contained one protein spot and was identified as heme binding protein 1. This differential protein was found down-regulated in the hippocampus of 15-month old SAMP8 in comparison with age-matched SAMR1 mice, and was also decreased with age in SAMP8 strain but not in SAMR1 strain. It indicated that heme binding protein 1 might be mainly associated with pathologically accelerated aging of SAMP8 mice.
For the first group of differentially expressed proteins, the alteration of Uchl3, mitofilin, and AK4 have been previously reported in SAMP8 mice. Concretely, the differential expression of Uchl3 and mitofilin was found in the hippocampus of 6-month old SAMP8 compared with the age-matched SAMR1 mice by *MOWSE scores are determined using the search engine Mascot. This program uses a probability-based MOWSE scoring program to determine significant peptide matches. Scores are reported as −10 × log10 (P), where P is the probability that the observed match is a random event. For this data set, protein scores greater than 60 is considered significantly (p < 0.05). Scores listed are significant matches. All identified proteins agree with the expected MW and pI range based on their positions on the gel. *MOWSE scores are determined using the search engine Mascot. This program uses a probability-based MOWSE scoring program to determine significant peptide matches. Scores are reported as −10 × log10 (P), where P is the probability that the observed match is a random event. For this data set, protein scores greater than 64 is considered significantly (p < 0.05). Scores listed are significant matches. All identified proteins are consistent with the expected MW and pI range based on their positions on the gel. a proteomic analysis [18] . And a recent proteomic study of astrocyte cultures showed that AK4 was significantly increased in astrocytes from SAMP8 in comparison with SAMR1 mice [20] . The alterations of these proteins were not found in SAMR1 or samples from human during aging process. The authors just showed the differences of those proteins between SAMP8 and SAMR1 at the same age. Our study further compared them at the different ages and demonstrated that these proteins were not age-related, and they might be genetically specific changes in SAMP8 mice. The importance of above 3 proteins for aging process is not clear until now. Uchl3 is an important deubiquitinating enzyme, which is vital to degrade and remove damaged and misfolded proteins [21] . The down-regulation of Uchl3 in SAMP8 mice could result in aggregation of aberrant proteins which is toxic to neurons and might induce the accelerative aging process in SAMP8 strain. Mitofilin and AK4 are both mitochondrial proteins. Mitofilin exists in the mitochondrial intermembrane space, and is indispensable for sustaining normal mitochondrial morphology and function [22] . In the present study, it was found to exist in four isomers with a consistent shift of pI. Especially, one Three groups of differentially expressed proteins were found and identified in the proteomic analysis of 5-and 15-month old SAMP8 and its control strain SAMR1 mice in the present study. The first group included the strain-specific differential proteins that were differentially expressed in SAMP8 compared with SAMR1 mice. Among them, the alteration of Uchl3, mitofilin, and AK4 in SAMP8 mice were previously reported; the unnamed protein product (gi|12847201) was found to be implicated in brain aging for the first time; and spots 293, 316, 915, 1475 were not identified successfully. The second group included the age-specific differential proteins that were differentially expressed between 5-and 15-month old SAM mice. They might be associated with brain aging. Among these proteins, NDRG2, enolase 2 and Cu/Zn SOD were already known to be implicated in AD and neurodegeneration; myosin and two unnamed protein products (gi|74214304 and gi|74178239) were never reported to be implicated in brain aging; and spot 2440 was not identified successfully. The protein in the third group was both strain-and age-specific and was identified as heme binding protein 1, which was reported to be related to brain aging for the first time.
isomer (173a) disappeared and one (173d) uniquely appeared in SAMP8, which might have been due to the specific modification of this protein in SAMP8 mice. This change might contribute to the mitochondrial dysfunction in SAMP8 mice and remains to be elucidated. AK4 is a phosphotransferase that catalyzes the interconversion of adenine nucleotides [23] and was recently reported as a stress responsive protein that could protect cells from oxidative stress [24] . We found AK4 was significantly increased in the hippocampus and cortex of both 5-and 15-month old SAMP8 compared with SAMR1 mice, which might be a compensation for the oxidative stress in SAMP8 mice.
The unnamed protein product (gi|12847201) found in our study has never been reported as a brain protein.
We performed database searching (http://hits.isbsib.ch/cgi-bin/PFSCAN) and tried to explore its possible role in brain aging. This protein product (gi|12847201) putatively contains four myristylation sites which are involved in lipid modifications and play roles in association of proteins in lipid rafts [25] , and two EF-hand domains refer to Ca 2+ -binding activity. These features could indicate the involvement of this protein in Ca 2+ signaling. This novel potential signaling protein existed as two forms in the present study: spot 1144a existed as the full-length form and was significantly decreased in SAMP8 compared with the age-matched SAMR1 mice; spot 1144b only presented in SAMP8 mice which shown amino-terminally truncated form, it could be resulted from proteolytic degradation in SAMP8 mice. Since alterations in calcium homeostasis are proposed to play a central role in the process of neuronal aging [26] , we suggested that the amino-terminal absence of this unnamed protein might affect its ability of Ca 2+ binding and modulation in neurons of SAMP8 mice. Several other unidentified protein spots (spots 293, 316, 915, and 1475) which disappeared or uniquely appeared in SAMP8 mice in our study might be also important for understanding the genetic changes.
The second group of differentially expressed proteins included NDRG2, enolase 2, Cu/Zn SOD, myosin, and two unnamed protein products (gi|74214304 and gi|74178239), which changed in an age-related manner, but not strain-related manner. Among these proteins, NDRG2, enolase 2 and Cu/Zn SOD were already known to be implicated in AD and neurodegeneration. NDRG2 belongs to the N-myc downstream-regulated gene family and is regulated by Myc in human [27] . Both mRNA and protein levels of NDRG2 were markedly increased in the late-onset AD brains, and localized to senile plaques and NFT [28] . Further investigation suggested that NDRG2 was involved in p53-mediated apoptosis [29] . Therefore, the up-regulation of NDRG2 with age in SAM mice might be related to neuron apoptosis during the aging process, since the important role of p53 in neuron apoptosis has been established [30] . Enolase 2, also named neuron-specific enolases (NSE), was down-regulated in the cortex of SAM mice with age. It is a key enzyme in glycolytic pathway, which interconverts 2-phosphoglycerate and phosphoenolpyruvate [31] . NSE was decreased, and significantly oxidized with reduced enzyme activities in the brains of AD patients, which might implicate the metabolic deficits observed in AD [32] [33] [34] . Cu/Zn SOD was significantly down-regulated with age in the hippocampus and cortex of both SAM strains. Oxygen radicals are produced as byproducts of normal oxidative metabolism in vivo. SOD is an important antioxidant enzyme that protects organism from oxidative damages [35] . A significant decrease in SOD activity was observed in the brains of SAMP8 and A␤PP transgenic mice, which might contribute to the elevated oxidative stress and the resultant neuronal degeneration [11, 36] . The direct link between SOD and AD pathology was verified that overexpression of SOD decreased hippocampal superoxide, prevented learning and memory deficits, and reduced A␤ plaques in Tg2576 mouse model of AD [37] . Combination of previous researches and our results of these differential proteins might give important clues for further investigation, which would determine the validity of these proteins as aging-related biomarkers and useful targets for effective diagnosis and therapy.
Except NDRG2, enolase 2 and SOD, myosin, and two unnamed protein products (gi|74214304 and gi|74178239) in the second group were new agingrelated proteins, which were never previously reported to be implicated in brain aging or neurodegenerative diseases. Myosins are a large family of structurally diverse molecular motors. Nonmuscle myosin II represents one of the major contributors to the cytoskeleton of neuronal cells [38] and is involved in several functional activities, including cell adhesion, migration, neuritic outgrowth, and possible transport of cellular cargo along the actin cytoskeleton [39] [40] [41] . Myosin II-B is the predominant myosin II isoform in neurons. Downregulation of myosin II-B by siRNA altered the subcellular localization of the A␤PP and increased A␤ deposition in N2a cells [42] . Thus, the upregulation of myosin with age might be a compensatory response to the aging-related increase of A␤ deposition in the cortex of SAMP8 mice. However, the mechanisms remain to be investigated. For the two unnamed protein products (gi|74214304 and gi|74178239), we performed database mining (http://hits.isb-sib.ch/cgibin/PFSCAN). The results showed that these two unnamed protein products putatively had many casein kinase II phosphorylation sites and protein kinase C phosphorylation sites, indicating that they might be signal transducers. Further investigation in their physiological and pathological functions will provide important information for the pathogenesis of brain aging.
The third group of differentially expressed protein was heme binding protein 1, which specifically changed in the hippocampus of SAMP8 with agerelated manner. Heme serves as the prosthetic group of numerous hemoproteins (e.g., hemoglobin, myoglobin, cytochromes, guanylate cyclase, and nitric oxide synthase) and plays an important role in many physiological functions. However, free heme is a prooxidant and has high affinity for different cell structures (protein, membranes, and DNA), triggers site-directed oxidative damage [43] . Evidences showed that toxic free heme was increased in the aged or AD brain, which resulted in mitochondrial decay, oxidative stress, and iron accumulation [44, 45] . Heme binding protein 1 belongs to heme detoxification systems, and detoxifies free heme by forming a non-toxic hemecomplex [43] . In the present study, we reported the downregulation of heme binding protein 1 in the aged brain for the first time, and speculated that this might contribute to the abnormal metabolism of heme and eventually lead to the pathologically accelerated aging of SAMP8 mice.
In conclusion, our present study identified three groups of differentially expressed proteins in SAMP8 and SAMR1 mice by using comparative proteomics. The first group contained SAMP8-specific differential proteins including Uchl3, mitofilin, AK4, and an unnamed protein product (gi|12847201). They might be implicated in the genetic difference between SAMP8 and SAMR1 mice. The second group contained the age-related differential proteins, which were particularly interesting since they were associated with brain aging. It included NDRG2, enolase 2, Cu/Zn SOD, myosin and two unnamed protein products (gi|74214304 and gi|74178239). The third group was SAMP8-specific and age-related proteins that contained heme binding protein 1. In addition, we found 5 spots that could not be identified based on the present condition of MS analysis. Spots 293, 316, 915, and 1475 belonged to the first group, and spot 2440 belonged to the second group. These unidentified differential spots might be new proteins that have never been reported, particularly expressed differentially in SAMP8 mice and in the aged brain. They were therefore valuable for further study. Our finding provides new information for investigating the pathogenesis of brain aging. Some of these proteins might be used as age-related biomarkers and targets for diagnosis and therapy.
